advance at approximately the same rate as the chronological age and that any deviation from this pattern may suggest some underlying clinical problem. This conclusion is, however, incorrect for the years of puberty and the present report, based on serial skeletal age estimations in a small group of boys, shows the variable pattern of skeletal age trends that can be found normally at this age.
Skeletal age is a useful diagnostic tool provided correct standards are used and the limitations of accuracy are recognised. For British children the method of Tanner advance at approximately the same rate as the chronological age and that any deviation from this pattern may suggest some underlying clinical problem. This conclusion is, however, incorrect for the years of puberty and the present report, based on serial skeletal age estimations in a small group of boys, shows the variable pattern of skeletal age trends that can be found normally at this age.
Subjects and methods
Thirty four healthy boys, most of one year's intake of a Leeds day school, took part in a study of growth and physiological development, other aspects of which will be reported subsequently. The boys' age at the beginning of the study was mean (SD), 10 Relation between skeletal age and height changes. Table 1 shows that peak bone age velocities in most boys exceeded 1 year/year, indicating that skeletal age was advancing more rapidly than chronological age. Fig. 1 shows, for 9 of the boys in whom a definite peak skeletal age velocity was identified, how skeletal age velocity compared with height velocity. There is a close similarity in the pattern, with the skeletal age velocity peak usually a little before the height velocity peak. This was observed in most of the remaining boys for whom the data were sufficient for conclusions to be drawn. Fig. 2 compares the ages of highest recorded skeletal age velocity with those of peak height velocity for all the boys and shows the close correlation between these and the tendency for skeletal age to accelerate in with the failure of a few boys to be x-rayed each year, accounts for the fact that the number of observations does not correspond precisely to the number of subjects. Not unexpectedly, the standard deviation is large, yet although it seems that in the early stages the average skeletal age is retarded compared with the standards, it then accelerates at about the age of peak height velocity. Instead of pooling the data for individuals according to chrono- Age related to peak heght velocity (years) Fig. 4 Bone age velocity at intervals before and after the age ofpeak height velocity. Pooled data on 34 boys studied longitudinally at approximately yearly intervals. Mean (SD).
logical age, pubertal stage can be made the common factor. The age of peak height velocity is the most precisely definable phase of puberty in boys and is compared with skeletal age in Fig. 4 . This confirms that in the two years before the age of peak height velocity, skeletal age velocity exceeds 1, that is, skeletal age is advancing faster than chronological age (having been initially retarded- Fig. 3 ). Table 2 shows that overall skeletal age retardation in the younger ages is accounted for by those boys who have not yet entered puberty. Boys whose testes have not yet started to enlarge (stage Gl), who could be considered prepubertal, had low bone development quotients. In contrast, as soon as the boys showed signs of puberty (G2 or more), whatever their chronological age, skeletal ages accelerated. Table 3 shows a highly significant difference in the skeletal ages of boys of the same chronological age, depending on whether or not they were in puberty.
Discussion
Bony development can be analysed in various ways. Grave and Brown6 and Hagg and Taranger7 related specific ossification events in the wrist and hand to stages of a child's growth activity at puberty. They do not show serial changes in the bones of the hand as a whole, which is the essential feature of the classic methods of 'skeletal age estimation'. annual increment in skeletal age (using the TW2 method) showed a peak coinciding with peak height velocity. Before this rapid speed up in bone age, the children's bone ages were a little retarded compared with the TW2 standards. These findings are very similar to those of the present report. It might be expected that skeletal age would increase in parallel with chronological age, but this is not the case at puberty for up to two years before the age of fastest growth in stature and for a short time afterwards skeletal age advances more quickly than chronological age and, at its peak, may be 1-5 years/year, or more. If this fact is not recognised, errors in interpretation may be made. Early developers will have their skeletal age acceleration early. Late developers will initially show a relative retardation but their skeletal age will catch up when puberty ultimately occurs.
These bone age changes at puberty must be recognised as normal and not be attributed to pathology. In monitoring treatment, particularly of endocrinological disorders, these changes in skeletal age may be attributed to incorrect treatment when in fact they can be explained readily by the stage of puberty.
In conclusion, it is important to emphasise the need for: (1) the use of the correct skeletal age standards for a population (TW2 for British children); (2) accuracy of skeletal age estimation; (3) consistency by the same observer; (4) recognition of the normal speed-up in skeletal age associated with the rapid phase of growth in puberty.
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